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Orpanir. nom pnnndfi 

5 The present invention relates to a new process for preparing thiazoUdinedione compounds that 
includes the step of reduction of a thiazoUdinedione precursor. More particularly, the present 
invention relates to thiazoUdinedione compounds having antihyperglycemic properties. 

ThiazoUdinedione antihyperglycemic compounds are a class of pharmaceuticals acting by 
.0 primarily decreasing insuUn resistance in patients suffering from non-insuUn-dependent 

diabetes. Therefore thiazoUdinedione antiUyperglycemic compounds are used typically as active 
substances in various pharmaceutical preparations for the treatment of type H diabetes and 
other disorders related to insulin resistance. 

15 PiogUtazone(5-[[4-[2-(5-ethyl-2-pyridinyl)ethoxy]phenyl]methyl]-2,4-thiazoUdmedione, 
according to Merck Index/13th Edition/Monograph number 7533, CAS Registry number: 
111025-46-8) has the formxila I 



20 




25 



30 



35 



and is used as active substance in pharmaceutical preparations v^rUich are used as oral 
antihyperglycemic agents. 

PiogUtazone is currently marketed as piogUtazone hydrochloride (5-[[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]plienyl]methyl]-2,4-thiazoUdinedionemonohydrochloride). 

RosigUtazone{5-[[4-[2-{methyl-2-pyridinylamino)ethoxy]phenyl]metiiyl]-2,4-thiazoUdinedione, 
according to Merck Index/13th Edition/Monograph number 8346, CAS Registry number: 
122320-73-4), and trogUtazone (5-[[4-[(3,4-dUiydro-6-hydroxy-2,5,7,8-tetramethyl-2H-l- 
benzopyran-2-yl)methoxy]phenyl]methyl]-2,4-thiazoUdinedione, according to Merck 
Index/13th Edition/Monograph number 9838, CAS Registry number: 97322-87-7) are other 
thiazoUdinedione antihyperglycemic compounds useful for treating type E diabetes and other 
disorders related to insulin resistance. 
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Processes for making pioglitazone, rosigUtazone and troglitazone may proceed via a 
thiazoKdinedione precursor having an exocydic carbon-carbon double bond at the 
J-position of the thiazoHdinedione moiety. In such methods, the carbon-carbon double bond is 
e.g. hydrogenated to a carbon-carbon single bond to form the thiazolidinedione 
antihyperglycemic compound; inter alia, catalytic hydrogenation over a supported catalyst may 
be applied as known. 

A method for making piogUtazone, for example, is disclosed in US patent US 5952509. 
Most known processes comprise demanding methods involving e.g. the above mentioned 
catalysts, or e.g. the use of cobalt ions. These methods apply agents which ard either relatively 
expensive and/or bcologicaUy critical regarding their handhng, and which are often combined 
with the use of hydrogen the handling of which requires costly safety measures and special 
reaction apparatus. 

Surprisingly, the present inventors have f omid .that reduction of the thiazoHdinedione precursor 
to form the corresponding thiazoHdinedione antihyperglycemic compound may be effected in a 
simple and cost-effective way, which makes it more attractive from an industrial and ecological 
point of view. 

20 In one aspect therefore, the present invention provides a process for reducing an exoc^cHc 
double bond at the 5-position of a thiazoHdinedione moiety of a thiazoHdinedione precursor 
comprising the steps of: 

a) preparing a solution or suspension of the thiazoHdinedione precursor in a solvent 
medium with a base, and 

25 b) combining the solution or suspension vnth a dithionite source. 

The dithionite source may comprise sodium-, Hthium-, potassium-, calcium-, magnesium-, a 
tetraalkylammonium- or a guanidinium-dithionite. 

Without wishing to be bound by any particular mechanism or theory, the present appHcants 
30 beHeve that the dithionite source acts as a reducing agent. 

The solution or suspension of the thiazoHdinedione precursor in the solvent medium with the 
base may be combined with the dithionite source at elevated temperatures. 

35 In another aspect, the process of the present invention may further comprise isolation of the 
reduced thiazoHdinedione precursor. 
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In another aspect, the present invention provides a process for preparing a thiazoUdinedione 
antihyperglycemic compound comprising reduction of the exocydic double bond at the - 
5-position of a thiazoUdinedione moiety of a thiazoUdinedione precursor, espedaUy a 
thiazoUdinedione precursor of piogUtazone, rosigUtazone, or trogUtazone, which process 

comprises the steps of: 

a) preparing a solution or suspension of the thiazoUdinedione precursor in a 
solvent medium with a base, and heating the solution or suspension to a 
temperature of about 40°C to lOO'C, 

b) combining the solution or suspension with a dithionite source selected from the 
group of sodium-, Uthium-, potassium-, calcium-, magnesium-, a 
tetraaUcylammonium- or a guanidinium-dithionite, to provide a reaction 

mixture, 

c) maintaining the reaction mixture at a temperature of about 40-C to lOO'C for 
about 1 to 10 hours, and 

d) isolating the resulting thiazolidinedione antihyperglycemic compound as free 

base. 

The reaction mixture may be cooled to about O'C to SO^C before isolation of the 
thiazoUdinedione antihyperglycemic compound. 

The present invention provides therefore a process for preparing piogUtazone mcluding the step 
of reducing the piogUtazone precursor 5-[4-[2-(5-ethyl-2-pyridinyl)ethoxy]phenyl]methenyl- 
2,4-thiazoUdinedione comprising the above mentioned steps and isolating piogUtazone free 
base. 

In a further aspect, the present invention provides a process for preparing rosigUtazone 
including the step of reducing the rosigUtazone precursor 5-[4-[2-(methyl-2- 
pyridinylamino)ethoxy]phenyl]methenyl-2,4-thiazoUdinedione comprising the above mentioned 

steps and isolating rosigUtazone free base. 

In stiU a further aspect, the present invention provides a process for preparing trogUtazone 
including the step of reducmg the trogUtazone precursor 5-[4-[(3,4-dihydro-6-hydroxy-2,5,7,8- 
tetramethyl-2H-l-benzopyran-2-yl)methoxy]phenyl]methenyl-2,4-tHazoUdinedion^ 

the above mentioned steps and isolating trogUtazone free base. 

In another aspect of the invention, the selective reduction process as herein described may take 
place in the presence of a phase-transfer catalyst. 
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Depending on the thiazoHdinedione precursor selected, the process as described herein may " 
lead to the corresponding thiazoHdinedione antihyperglycemic compound in the form of the 
free base, which is obtained, e.g. in ccystaUine form, in a high yield and with high purity. 

The free base of the thiazoHdinedione antihyperglycemic compound may be farther purified 
and/or converted to a derivative, e.g. to a pharmaceutically acceptable salt, e.g. to the 
hydrochloride in case of piogUtazone, or e.g. to the maleate in case of rosi^tazone, by known 
mettdds. 

A "thiazoHdinedione precursor" as used herein, is understood to mean a compound which is 
an intermediate in a process for making a thiazoHdinedione antihyperglycemic compound, such 
as the process disclosed in US patent 5952509 incorporated herein by reference, and that has a 
thiazoHdinedione moiety. 

A preferred thiazoHdinedione precursor is a precursor which differs structurally firom the 
corresponding thiazoHdinedione antihyperglycemic compound itself in that the preferred 
thiazoHdinedione precursor has an exocycHc double bond at the 5-position of die 
thiazoHdinedione moiety. 

A preferred thiazoHdinedione precursor may have protected functional groups e.g. proteaed 
20 hydroxyl groups. 

The selective reduction of the above mentioned exocycHc double bond, and removal of 
protecting groups if any, yields the thiazoHdinedione antihyperglycemic compound which may 
subsequendy be isolated from the reaction mixture. 

25 The compound 5-[4-[2-(5^thyl-2-pyridinyi)ethoxy]phenyl]medienyl-2,4-thia2oHdine^^^^^ 
having the formula H 




n 



is an example of a preferred thiazoHdinedione precursor for piogHtazone, which may be 
prepared according to the method of Saito et al. disclosed m US patent 5952509, or in 
35 pubHshed European patent appHcation EP 08 1 6340. 
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The compound 5-[4-(2-(methyl-2-pyridmylamino)ethoxy]phenyl]methenyi-2,4- 
thiazoUdinedione is an example of a preferred thiazoUdinedione precursor for rosigUtazone, 
and is disdosed, for example, in US patent 5002953. 

5 The compound 5-[4-[(3,4-dihydro-6-hydroxy-2,5,7,8-tetrameth7l-2H-l-benzopyran-2- 

yl)methoxy]phenyl]metlienyl-2,4-thiazoUdinedione, or hydroxy group protected derivatives 
thereof, are examples of preferred thiazoUdinedione precursors for troglitazone, as disclosed 
e.g, in J. Crossy et al., Bioorganic and Medicinal Chemistry Letters 9, pp. 3439, 1999. 

10 In one embodiment, the process according to the present invention is carried out as foUows: 

A solution or suspension is prepared by combining a thiazoUdinedione precursor, e.g. a 
. preferred thiazoUdinedione precursor of pioglitazone, e.g. 5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyl]methenyl-2,4-thiazoUdinedione, with 5 to 100 volumes of a suitable 
15 solvent medium, and with 1 to 30 molar equivalents, preferably 5 to 15 molar equivalents, of a 
suitable base. Molar equivalents mean "as compared to the thiazoUdinedione precursor used". 

Suitable bases comprise an alkaUne or aUcaUne earth carbonate, e.g. sodium carbonate, 
potassium carbonate or Uthium 'carbonate, an alkaUne hydrogen carbonate, e.g. sodium 
20 bicarbonate, an organic secondary or tertiary amine, e.g. piperidine, or an amidine, e.g. DBU 
(i.e. l,8-diazabicydo[5.4.0]undec-7-en). 

Preferred bases comprise sodium carbonate or potassium carbonate. 

A suitable solvent medium may comprise an aqueous medium, which indudes water or a 
25 mixtuire of water with one or more organic solvents, wherein the ratio of water to organic 
solvent/s may be 10 : 1 to 1 : 10 (v/v). 

Suitable organic solvents indude alcohols, for example methanol, ethanol or isopropanol, aUcyl 
esters such as ethyl acetate, aromatic hydrocarbons, e.g. toluene or xylene, halogenated 
hydrocarbons, e.g. methylene chloride, ethers such as tetrahydrofuran or dioxane, and amides, 
30 e.g. N,N-dimethylformamide. 

A preferred solvent mixture is NJST-dimethylformainide and water. 

The resulting mixture of the thiazoUdinedione precursor, the base and the solvent medium, is 
subsequently heated to an devated temperature of about 40= to 100»C, preferably of about 
35 50°C to 90°C , most preferably of about 60°C to SO^C. 
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At the elevated temperature as mentioned above, 1 to 30 molar equivalents, preferably 5 to 
20 molar equivalents (as compared to the thiazolidinedione precursor used), of die dithionite 
source may be added either in portions or, e.g. drop-wise, as a solution, preferably in water, 
over a period of a few minutes up to 2 hours, preferably over a period of about 30 mm to 
5 1 hour. The resulting reaction mixture is subsequently maintained at ihe above mentioned 
elevated temperature during the reduction process, which lasts for about 1 to 10 hours 
depending on the temperature employed, e.g. for about 1 to 3 hours if the temperature is 
maintained at about SO^C- 

10 Suitable dithionite sources comprise sodium-, lithium-, potassium-, calcium-, magnesium-, 
alumitiium-dithionite, or a tetraalkylammonium-dithionite, e.g. a tetraethylammonium- 
dithionite, or a guanidinium-dithionite. 
A preferred dithionite source is sodium dithionite.. 

15 After the completion of the reduction process as herein described, the reduced 
thiazolidinedione precursor may be isolated from the reaction mixture. 

Depending on the solvent or solvent mixture used, the reaction knixture may be cooled to 
induce or enhance crystallization. The cooling procedure may be effected stepwise, e.g. in a 
20 first step to a temperature of about SO^'C, and subsequently to about 30°C to 0°C , preferably 
to about 10 ^'C. 

Alternatively, the cooling procedure may be performed so as to provide a substantially constant 
rate of temperature decrease. 

25 If necessary, and depending on the solvent medium and base used, the pH-value may be 

adjusted to about 2 to 8, preferably to about 5 to 6, most preferably to about 6, by adding, e.g. 
acetic acid, e.g. 50 to 60% (v/v) aqueous acetic acid. 

The precipitate formed may subsequently be collected by conventional methods such as 
30 filtration, washing and vacuum drying. 

The resulting free base of the thiazolidinedione antihyperglycemic compound^ e.g. pioglitazone 
free base, may be obtained, e.g. in crystalline form, with good to excellent yields, e.g. of about 
70 to 90% (as related to the corresponding thiazolidinedione precursor), andJiaving a high 
35 purity, e.g. as defined by a HPLC-purity of about 80% to 98% with respect to impurities and 
depending on the solvent or solvent mixture used. 
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If the reduction process takes place in the preferred solvent mixture, i.e. 
N,N-dimethylformamide and water, purity may typicaUy exceed 95 %, and the resulting 
pioghtazone free base may be converted directly to piogUtazone hydrochloride. 

5 In another embodiment, the reduction process as described above may be carried out in the 
presence of a phase-transfer catalyst. A suitable phase-transfer catalyst may comprise e.g. a 
tetrabutylammonium hahde, a tetraethylammonium haUde or a benzyl tributylammonium 
haUde. "Halide" as used herein is understood to mean a bromide, chloride or fluoride of the 
corresponding compound. 

0 

The reduction process as described for the present invention is highly selective, which means 
that side-products may be formed in smaU amounts only and which may typically be removed 
during the subsequent processing of the base of the thiazoUdinedione antihyperglycemic 
compound to a purified form of said base and/or to a derivative thereof, e.g. in the case of 
t5 piogUtazone, a hydrochloride form. 

The free base of the thiazoUdinedione antihyperglycemic compound may be further purified by 
known methods, e.g. by tituration with alcohoUc solvents, or by standard crystalUzation 
procedures, e.g. using organic solvents, e.g. dioxane or N,N-dimethylformamide, as 
20 crystallisation solvents. 

In a further aspect of the invention, piogUtazone free base as obtained by the process herein 
described, may be processed to the hydrochloride form by known methods, optionally after a 
purification step as described above. 

25 

In a preferred embodiment, piogUtazone free base as obtained by the reduction process of the 
invention, is converted to the hydrochloride form by dissolving the crystals of the free base in a 
solvent. e.g. in an alcohol, e.g. ethanol, e.g. in 1 to 10 volumes, preferably 1 to 6 volumes, of 
ethanol, and 

30 a) by adding hydrochloric acid, e.g. aqueous hydrochloric acid, e.g. 1 tolO volumes, 

preferably 1 to 6 volumes, of 2 N HCl, or 
b) by adding an ethanol containing hydrochloric add, e.g. ethanoUc hydrochloric add, 
e.g. 1 to 10 volumes, preferably 1 to 6 volumes, of about 20% (w/v) ethanoUc 
hydrochloric add, 

35 at temperatures of e.g. about 40''C to 70 °C, and by subsequently crystaUizing the 

hydrochloride salt from the resulting solution by gradual cooUng in order to obtain pure 
piogUtazone HCl, e.g. with a HPLC-purity of > 98%. 
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Further purification of the pioghtazone HCl obtained as described above may be performed by 
known methods, e.g. by recrystallization from a solvent selected from the group of N^- 
dimethylformamide, dimethyl acetamide, acetic acid, methanol, ethylene glycol, isopropyl 
alcohol and t-butyl alcohol. 

In addition, piogUtazone HCl may be recrystallized from ethanol as disclosed by Sodha et al., 
Arzneim.-Forschung/Drug Res. 40 (I), No. 1, 1590, pp. 37. 

PiogUtazone HCl obtained by the above described conversion of the piogUtazone free base as 
obtained by the present invention, corresponds to the known anhydrous crystaUine form L 

Form I pioglitazone HCl may be used for the conversion to known crystaUine piogUtazone 
form n employing known methods. 

The free base of the thiazoUdinedione antihyperglycemic compounds obtained according to the 
invention, and the derivatives thereof, e.g. piogUtazone HQ, may be used for the manufacture 
of pharmaceutical compositions wHch are useful for the treatinent of patients suffering from 
diabetes type H or diseases in which insuUn resistance is the underlying pathophysiological 
mechanism, 

FoUowing is a description by way of example only of processes according to the invention. All 
temperatures are given in degree Celsius and are uncorrected. 

Example 1 : 

Preparation of piogUtazone free base usinir sodinm carh»n ^ te as ha.^e «nH a 1 r 1 mivt,,^^ 
dioxane and water as solvent medfnn^ 

To a solution of 19.5 g sodium carbonate in 75 ml water, 5 g of 5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyl]methenyl-2,4-thiazoUdinedione are added followed by 75 ml dioxane 
in a round-bottomed flask. The resulting mixhire is then heated to about 80°C under agitation. 
At about 80°C a solution of 28 g of sodium dithionite in 150 ml water is added drop-wise 
within about 60 minutes. The reaction mixture is stirred at about 80"C for approximately 
one hour, then cooled to about 50"C and subsequently stirred at about 50''C for about 
one hour before cooling to about lO'C. The pH-value is adjusted to about 6 with 50 ml of 
60% (v/v) aqueous acetic acid, and the reaction mixtiire is then stirred at about 10°C for 
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about 30 minutes. The precipitate formed is fUtered, washed with 100 ml water, and the title 
compound is coUected after drying in a vacuum oven for about 8 hours at approximately fiS'C. 
Yield (crystalline pioglitazone free base): 4.1 g (82% w/w related to 5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyl]methenyl-2,4-thiazolidinedione) 

5 HPLC-purity: 97.2%. 
Example 2 : 

P.ppo^ri»^ nf pm^litazotnp free base us ivfr po t assium carbo nate as base and a 1 ; 2 mixture of 
Himrane and water as "^I^^th- moHinm 

0 

The conditions and procedure are foUowed as for Example 1, but using 15.6 g potassium 
carbonate instead of 19.5 g of sodium carbonate, and 150 ml dioxane instead of 75 ml, and 
14.7 g of sodium dithionite in 75 ml water instead of 28 g of sodium dithionite in 150 ml 
water. 

.5 Yield (crystalline pioglitazone free base): 4.1 g (82% w/w related to-5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyl]methenyl-2,4-thiazoUdinedione) 

HPLC-purity: 97.2%. 
Example 3 : 

20 Pr ^aration of p to ,>1itaxnne fre e K.cp «>Hng potas.sinm carbonate as ba.se and a lnixt^Te M 
ary|i^^<> ^ pd water as solvit ^rx'^^wip 

The conditions and procedure of Example 2 are foUowed, but using a 1 : 2 mixture of ethyl 
acetate and water, i.e. a mixture of 75 ml ethyl acetate and 150 ml water, instead of a mixture 
25 of dioxane and water, as solvent medium. 

Yield (crystalline pioglitazone free base): 3.5 g (70% w/w relaited to 5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyl]methenyl-2,4-thiazolidinedione) 

HPLC-purity: 90%. 
30 Example 4 : 

T>,.^...^»r, »f piQglitaz o tiP free base usiiiff potassium carbonate ai? bagf and a mixture of 
M , M-/1tTn(.t1ivlfo^^"ii<1ft »rt A water as s^W^tit medium 

The conditions and procedure of Example 2 are followed, but using a 1: 6 mixture of N,N- 
35 dimethylformamide and water, i.e. a mixture of 25 ml of N,N-dimethylformamide and 150 ml 
water, instead of a mixture of dioxane and water, as solvent medium. 
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Yield (crystalline piogUtazone free base): 3.6 g (72% w/w related to 5-[4-[2-(5-etliyl-2- 

pyridinyl)etlioxy]phenyl]methenyl-2,4-thia2olidinedione) 
HPLC-purity: 98%. 

Example 5 : 

PreparatiQn of pjopBtazone free b^e vstrxP ryntas^um rarhnT,. t e a., h^^^ .^A ^^ter ^« c^l.,^. 



The conditions and procedure of Example 2 are.foUowed, but using 225 ml water instead of a 
10 mixture of dioxane and water, as solvent medium. 

Yield (crystalline piogUtazone free base): 3.7 g (74% w/w related to 5-[4-[2-(5-ethyI-2- 

pyTidinyi)ethoxy]phenyl]methenyl-2,4-thia2olidinedione) 
..HPLC-purity: 89%.. ... 

IS Example 6 : 

Prepayatipn of pf Of l it^yone free base urine sodium r^rK p nate b».^P. ^ m ixture of tn1„.„f. ^^A 
water as SOlTCTt mfdimn and tetmbBtvl ^TT»nn»^^ T" 1 b romide ^.^ p T.o^6-traii.^fer r^t^lyc^ 



20 



The conditions and procedure are foUowed as for Example 1, but using a 1 : 3 mixture of 
toluene and water, i.e; a mixture of 75 ml toluene and 225 ml water, instead of a mixture of 
dioxane and water, as solvent medium, and adding 0.5 g tetrabutyl ammonium bromide into 
the round-bottomed flask before heating the resulting mixture. 

Yield (crystalline piogUtazone free base): 4.9 g (98% w/w related to 5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyl]methenyl-2,4-thiazoUdinedione) 
25 HPLC-purity: 80%. 

Example 7 : 

fireparatiop of pioylitfi7.one free base using p oto«^, m carhnnatP base, a r^\^... .^Uj^ 

^Oemc ^4 wat«n- as solvent medium, and tetrab,it^1 anin,nn»,T» k^ omide a.>! p h^^^.t^.r,c(.. 
catalyst 

The conditions and procedure of Example 6 are foUowe4 but using 15.^ g potassium 
carbonate instead of sodium carbonate, and a 1 : 2 mixture of ethyl acetate and water, i.e. a 
mixture of 75 ml ethyl acetate and 150 ml water, instead of a mixture of toluene and water as 
solvent medium. 

Yield (crystalUne piogUtazone free base): 3.5 g (70% w/w related to 5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyI]methenyl-2,4-thiazoUdinedione) 
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HPLC-purity: 90%. 
Example 8: 

Preparation of pioglitazone hydrochloride jErom pioplitazone fre e base usin^ ethanolic 
5 hydrochloric acid 

6 g of 5-[[4-[2-(5-ethyl-2-pyridmyl)elioxy]phenyl]methyl]-2,4-tJ:u i.e. crystalline 

free base of pioglitazone as obtained from Example 1, are added to 24 ml ethanol and 

12 ml of ethanolic HCl (20% w/v) into a round-bottomed flask. Under stirring the resulting 

0 mixture is heated to about 65*^0, and is subsequently stirred for about 15 minutes, then 
gradually cooled to about 30**C within about 2 hours, again stirred at about SO^'C for one 
hour, and subsequently further cooled to about 10°C and stirred for about 1 hour. The 
precipitate formed is filtered, washed with 30 ml of ethanol, suck-dried, and the title. 
compou;nd is collected after drying under vacuum at about 65°C for about 10 hours. 

.5 Yield (crystalline pioglitazone HCl): 5.7 g (95% w/w related to crystalline piogUtazone free 
base) 

HPLC-purity: 99.5%. 
Example 9: 

10 Preparation of piopUtazone hydrochl oride from pioglitazone free base using; 2 N HCl and 
ethanol 

The conditions and procedure of Example 8 are followed, but using a 1 : 1 mixture of ethanol 
and 2 N HCl, i.e. a mixture of 18 ml ethanol and 18 ml 2 N HCl, instead of a mixture of 
25 ethanol and ethanoUc hydrochloric add. 

Yield (crystalline piogUtazone HCl): 5.4 g (90% w/w related to crystalline piogUtazone free 

base) 

HPLC-purity: 99.5%. 

30 Example 10: 

Purification of pioplitazone hydrochloride US 7"F ethanol 

6 g crystalline pioglitazone hydrochloride, as obtained from Example 8, are added to 120 ml 
ethanol in a romid-bottomed flask. Under' stirring the resulting mixture is heated to about 
35 SO^C, and is subsequently stirred for about 30 minutes, then gradually cooled to about SCC 
within about 2 hours, again stirred at about SCC for about one hour, and then further cooled 
to about 10°C and stirred for approximately 1 hour. The predpitate formed is filtered, washed 
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with 30 ml of ethanol, suck-dxied, and the title compound is collected after diying xmder 
vacuum at about 65^*0 for about 10 hours. 

Yield (purified crystalline pioglitazone HCl): 5.4 g (90% wAv rdated. to crystalline pioglitazone 
hydrochloride) 
5 HPLC-purity: 99,9%. 



10 The preparation of thiazolidinedione antihyperglycemic compounds, e.g. pioglitazone, 

rosiglitazone, or troglitazone, e.g. in the form of their free bases, by reducing selectively their 
respective preferred thiazolidinedione precursors by using a dithionite source as described in 
the present invention, involves a novel reduction.process which-is attractive both from 
economic and ecological standpoints. 

15 

The reduction process of the invention displays the same selectivity related to the reduction of 
the thiazolidinedione precursors, and leads to the same high yields and high purity of the 
thiazohdiaedione antihyperglycemic compounds, e.g. of the pioglitazone free base and HCl, as 
hitherto known processes. The process of the present invention offers, however, the advantages 
20 of using reaction agents which are readily commercially available, cheap, ecologically 
**unrisky" and which avoid potentially dangerous handling. 



25 
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Claims: 

1. A process for reducing an exocyclic double bond at the 5-position of a 
thiazolidinedione moiety of a thiazolidinedione precursor comprising the steps of: 

a) preparing a solution or suspension of the thiazolidinedione precursor in a solvent 
medium with a base, and 

b) combining the solution or suspension with a dithiordte source. 

2. A process as claimed in claim 1, wherein the solvent medium comprises an aqueous 
medium which comprises water or a mbcture of water with one or more organic 
solvents. 

3. A process as claimed in claim 2, wherein the organic solvent comprises an alcohol, an 
alkyl ester, an aromatic hydrocarbon, a halogenated hydrocarbon, an ethe'r or an 
amide, or a mixture thereof. 

4. A process as claimed in claim 2 or 3, wherein the organic solvent comprises methanol, 
edianol, isopropanol, ethyl acetate, toluene, xylene, methylene chloride, 
tetrahydrofuran, dioxane or N,N-dimethylf ormamide, or a mbcture thereof. 

5. A process as claimed in any preceding claim, wherein the dithionite source comprises 
sodium-, Uthium-, potassium-, calcium-, magnesium-, a tetraalkylammonium- or a 
guanidinium-dithionite. 

6. A process as claimed in any preceding claim, wherein the dithionite source is sodium 
dithionite. 

7. A process as claimed in claim 1, wherein the base comprises an alkaline or alkaline 
earth carbonate, an alkaUne hydrogen carbonate, an organic secondary or tertiary 
amine or an amidine. 

8. A process as claimed in claim 7, wherein the base comprises sodium carbonate or 
potassium carbonate, 

9. A process as claimed in any preceding claim, which process takes place in the presence 
of a phase-transfer catalyst. 
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A process as claimed in daim 9, wherein the phase-transfer catalyst comprises a 
tetrabutyiammonium halide, a tetraethylammonium halide or a benzyl 
tribut3dammomum halide. 

A process as claimed in any preceding claim, wherein the thiazolidinedione precursor is 
5-[4-[2-(5-ethyl-2-pyridinyl)ethoxy]phenyl]methenyl-2j4-thia2olidinedione or 5-[4-[2- 
(methyl-2-pyridinylamino)ethoxy]phenyl]methenyl-2,4-thiazolidinedione. 

A process as claimed in any preceding claim, wherein the thiazolidinedione precursor is 
5-[4-[(354-dihydro-6-hydroxy-2555758-tetramethyl~2H-l-benzopyran-2- 
yl)methoxy]phenyl]methenyl-2,4- thiazolidinedione. 

A process as claimed in any preceding claim, wherein the solution or suspension of the 
thiazoUdinedione precursor in the solvent medium with the base is combined with the 
dithionite source at elevated temperatures. 

A process as claimed in any preceding claim, further comprising the step of isolation of 
the reduced thiazohdinedione precursor, 

A process for preparing a thiazolidinedione antihyperglycemic compound comprising 
reduction of the exocyclic double bond at the 5-position of the thiazolidinedione moiety 
of the corresponding thiazolidinedione precursor which process comprises the steps of: 

a) preparing a solution or suspension of the thiazoUdinedione precursor in a 
solvent medium with a base, and heating the solution or suspension to a 
temperature of about 40''C to 100°C, 

b) combining the solution or suspension with a dithionite source selected from the 
group of sodium-, lithium-, potassium-, calcium-, magnesiimi-, a 
tetraalkylammonium- or a guanidinium-dithionite, to provide a reaction 
mixture, 

c) maintaining the reaction mixture at a temperature of about 40**G to 100°C for 
. about 1 to 10 hours, and 

d) isolating the resulting thiazolidinedione antihyperglycemic compound as free 
base. 

A process as claimed in claim 15, wherein the thiazoUdiuedione antihyperglycemic 
compound is pioghtazone, rosiglitazone or troglitazone. 
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17. A process for preparing pioglitazone, which process comprises the following steps: 

a) preparing a solution or suspension of 5-[4-[2-(5-ethyl-2- 
pyridinyl)ethoxy]phenyl]methenyl-2,4-thiazolidinedione in a solvent medium 

) with a base, and heating the solution or suspension to a temperature of about 

60"C to 80°Q 

b) combining the solution or suspension with sodium dithionite to provide a 
reaction mixture, 

c) maintaining the reaction mixture at a temperature of about 60^*0 to 80°C for 
3 about 1 to 3 hours, and 

d) isolating piogUtazone as free base. 

18. A process as claimed in any of claims 15 to 17, wherein the reaction mixture is cooled 
to about 0**C to 30*^0 before isolation of the thiazoHdinedione antihyperglycemic 

5 compound. 

19. Use of pioglitazone free base as obtained by a process as claimed in any one of claims 1 
to 11 and 13 to 18, for conversion to the hydrochloride form of pioglitazone, 

10 20. Use of the hydrochloride form of piogUtazone according to claim 19 for conversion 
from a crystalline hydrochloride form I into a crystalline hydrochloride form II. 

21. Use of a thiazolidinedione antihyperglycemic compound, as obtained according to a 
process as claimed in any of claims 1 to 18, for the manufacture of a medicament for 

i5 the administration to a mammal in need thereof. 

22. Use of pioglitazone as free base or as hydrochloride, as obtained by a process claimed in 
any of claims 1 to 11 and 13 to 18, for the manufacture of a medicament for the 
administration to a mammal in need thereof. 
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23. Use of a dithionite source to reduce selectively an exocyclic double bond at the 

5-position of a thiazoUdmedione moiety of a thiazolidinedione precursor to obtain the 
corresponding thiazolidinedione compound. 
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